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PROGRESS REPORT &¥F P2aTS OF 178.% AND 538-T JOINTS

By E, C. Hartmaan, d. O. Lyst, and E, J. Andrews
IXTRORUCTION

A comprehensive program of fatigue tests of riveted
Joints in aluminum alloys was started in 1935 at the Alumlnum
Research Laboratorles in order to learn as much as possible
about the best method of degigning aluminum~-alloy structures
to rezist fallure from repeated loading. The scope of this
investigation was made bPrond sanough to include not only ac-
tual jointes in which load 1ls transferred from one plate to
another, but also specimene in whilich rivets carry little or
no stress, as night be the case in parts of a structure where
the rivets are uscd only for tho purposc 0f holding two or
more pleces in contact. The machines used 1ln maklng the
tests have nreviously been described. (See reference 1.)

Thlis report presconts the fatlgue data obtalned at the
Aluminum Rcsoarch Laboratories, from tests of various types
of 17S-T and 535-T gspecimens, These spocimoens wero largo
enough to0 represent actual service conditlons, but the rep-
etition of loading was more rapid than would occur in ordi-
nary service, Thisg higher rate 0f loading was necessary to
shorten tho testing timo.

Two plate materials, three rivet materilals, twenty-nine
types of gpecimens, and four different stress ratios have
been employed in the teste described herein., This large
number of wvariables has been Justifled bocause the study of
fatigue of rivotod Jolnts was so new that 1t was necossary
t0 branch out in different direcctions to obtaln a comprehen-
sive knowledge of the fatigue strength of riveted aluminum-
alloy structures,

Tests of 485 specimens will be covered 1n this progress.
report, In addition to tests of actual Joint speclmens, 72
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of these 486 teste have been made using single plate speci~
mens whloh elther—were solid or contalned opesn holes or idle
“rivets, — : . .

MATERIALS

The specimens for thls investlgation were constructed
from 1l- by inch rclled rectangular bar of aluminum alloys
178~T (Federal Specification QQ-A-351) and 535~T (Federal
Specification QQ-A-331). The mechanical properties of the
bar of both alloys were above ths specifioed valuses with the
excoption of the yleld strength of 538~T, which was sligktly
low (1.2 porcent).

By using emall polished apecimens cut longitudinally
from the bar stock, the direct-strese fatigue propertles of
one lot of 175~T were determined. As shown in figure 1, the
endurance i1imit for stroesess varying from zoro to a maximunm
in tenslion 1g 22,000 pai based on 500 million cycles of
stresas.

Button~head rivetas of 175-T, 53S-W, and stesl were used.
The sizes were 1/4, 3/8, 1/2, and 5/8 inch. Bolts of 175-T
having a diameter of 5/8 inck and pins of 178~T having diam-
eters of 1, 1%, and 2% inchos wero aleo used.

Although this investigation 1is confined to teets of only
two alumlinum elloys, it is believed that the results, insofar
as they deal with effect of errangement of rivets and types
of Joints, are gonerally applicable to the other aluminum
alloys.

DESCRIPTION OF JOINTS

Detalled sketches of the reduced section of the various
types are shown )ln figures 2 and 3, The dlfferent types of
specimens may be classlfied in three general groups., Tho
firet includes types OX, G, GX, and K, which are singlo
Plates olthor solid, with holes, or with 1dle rivets. The
second inocludes the lap or single-shear Jolats, deslgnated
types A, Ay, A;, Aa, B, C, OX, B, H, S, P, and R, The third
includes the butt or doudle~shear Jjoints, types J-1, L-1,
LL, ¥, 0Y, M-l, Q-1, Q-2, 7, U, U-1, U=3, and W-l.
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The reduced section of sach specimen was obtalned dy
machining to the desired thickness in a millling machlne us-
ing a 4-inch dlameter helical milling cutter 10 inches long.
The milling wa§ doné with the cutter normal and the travel
of the carriage parallel to the length of the spocimen. 1In
thie way any minute marks left by the machining operatlon were
parallel to the direction of strese, which would minimize
thelr effect on the fatigue strength of the specimen. The
keyways of each specimen were carefully machined in a
shaper~planer so as to be parallel after assembly of the
specimen,

The rivets in the various specimens were driven using
the followling combinatlions of conditions:

Rivet Rivet Hole Driving | 3B °of
material diameter dlameter condition hesd
(1n.) (1n.)

Al alloy | 1/%, 3/8, 1/2,| 17/6€4, 25£6h. 33/64, Cold | Cone-point
and 5/8 and U41/6%

Al alloy 3/8 25/64 . Cnld | Button
Al Alloy| 3/8 and 5/8 13/32 and 21/32 Hot Button
Steel 3/8 and 5/8 25/64 and 41/6Y4 Cold | Flat

Stecl 5/8 21/32 Hot Button

The cold-driven 17S~T rivets were driven with 1/2 hour
or less 0f room-temperature aglng between heat treatmert and
driving. The cold~driven 538-W rivets were driven after
several weeks of room-temperaturc aging. The hot-driven
17S~T7 and 538=W rivets were hepated 1n a lead bdath at temper-
atures of 9500 gnd 9709 ¥, respectively, and were driven as
qulckly as possible after removal from the bath. The cold-
driven stesl rivets were annealed first by heatling to 1220° F
for 3 hours and then cooling slowly in the furnace overnight,
The hot-driven steel rivets were rLeated in a gas—~fired fur-

nace and were driven at a temperature of approximately 1800° ¥,

When bolts or pins were used, the holes into which they
were fltted were reamed to size with just enoughh clearance
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go that the bolts and pins could be inserted easily. Aluml-
num-alloy washers were used under the heads and nuts of all
.bolts, -and-the torque used in tightening each bolt was 610
inch-pounds. Only 6/8-inch bolts were used.

TEST PROCEDURE

The tests in this investigation were made in the fatigue
machines shown in figure 4, which were designed ospecially
for testing riveted Joints. (Seo roforemco 1l.) The machines
were 80 constructed that the speclimens may he subJected to
eycles of direct stress from any value 1n tension or compres-
slon to any other value in tension or compresslion, provided
the maximum loads are within the capacity of the machine
being nsed. For two of the machines the nominal capacity is
40,000 pcunds, and for the other four, 50,000 pounds.

The testing machines have been calibrated as described
previously (reference 1), and, in addition, considerable ex-
perimental work has besn done to evaluate inertia effects oc-
currling under the various conditions of testing used through-
out the scope of the investigation, Correcilions obtaired
from these dynamlc calibration studice have becn made whereover
necossary 1ln the fatigue data roportod,

The test specimen is placed in the machine in a vertical
position adbout 15 inches from the fulcrum end of the machine.
One end of the specimen 1s keyed and bolted to the bed of the
machino, and the other ond is similarly fastonod to tho hori-
zontal loading boam, Thie loading beam acts as a second~
class lever having a ratio of approximately 10:1l., When the
specimen is bolted in place and the orank (not being set at
zero throw) is turned, movement of the loading beam up and
down apolles elt.er tension or compression to the spocimon,
As load ls applied, the deflectlon of the loading bean ia
proportional to the load.

The tensile or coumpressive load to be applied to any
specimon is computed from the product of the dcsired stress
and tho minimum net cross-sectional area of tho specinen
through the reduced soction,

Baoh fatigue-testing unit is equipped with limit
switches to stop the motor when a specimen breaks, At fall-
ure of a speclmen the stress in the loading bean is automat-
loally ‘relieved and the deflection of the boam changes

-
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sufficlently to operate the limit switches., These switches
are sensltive enough so that they usunally dreak the circuit
with the development of only a small c¢rack in the speclimen,
¥hen a visible erack forms in a specimen, tho test is con-
gldorod complotod,

In the majority of teasts, the range of fatigue stresses
in the plates was from zero to a maximum in tenslon, but in
some testes the range was from gsome stress in elther tension
or compression to some other stress in tension, For conven-
ience the tests were run in groups, all tests 1n any one
group having the same ratlios of minimum to maximum stress,
In using these strees ratios, tenslle gtresses were consid-
ered posltive and compressive strossos negative, Tor any
tost the maximum stress 1s the ons having the largest alge-~
bralec value, and not necesparily the one having the largest
numerlcal value., TFollowing ls a complete 1llst of stross
ratios used, together with examples of corresponding stress
rangos!

Stross ratilo Example of stross range
(pei)
0,75 16,000 t0 20,000 tension
«50 10,000 t0 20,000 tension
0 0 to 20,0C0 tension
-1,00 20,000 compression to 20,000 tension

Unless definltely stated otherwise, all discussion in
subsequent parts of this report pertaine to tests in which
a zero stress ratlo was used. Also, unleas stated otherwise,
all fatigue strengths are based upon 2 million c¢ycles of
st-ess, Thils number of cycles was used by Prof, ¥, M, Wilson
(rcferonces 2 and 3) and by Otto Graf (reference 4) in simi-
lar tests.

The results of the fatigue tests were plotted in the
form of §5~N dlagrams (stress-number of cycles), The stresses
plotted were average values and did not take into account any
nonuniform dlstribution of stress in the spccimens., Some of
the fractured specimens are shown in filgures 5 to 9. A few
representative S-N curves (figs. 10 to 12) are included with
this paper., 4 summary of the results of the tests 1s given
in tables I to IV,

-~
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Nost of the tests were continued to failure, but 38
specimens were removed from the machine bdefore fallure be-
..oause the number of oycles had reached a prearranged maxlmum
number, usually 235 million, which was considered sufficlent
in this lnvestigation. In the S8-N diagrams, the latter teste
are indlcated accordingly.

SUNMARY OF RESULTS

The following summary is baesed an the fatigue tests re-
ported herein on aluminum-alloy Jeints of 178-T (Federal
Specification QQ-~A~351) and 535~T (Federal Specification
QR-A~331). XNo effort is mada in this summary to cover all
the different stress ratioe tested or the full range of num-
bers of cycles of stress used, since 1t ls lmpractical to
summarize the results taking into account all the variables
included. Instead, the strength of the varlious types of
specimens are compared principelly on the basis of "fatigue
gstrength,” which is defined ag the maximum stress on the net
section of the plates (P/A) te which the joint can be sub-
Jocted for 2 million cycles, the atrese in ocach cycle varying
from zoro to a maximum tensllo etrossa,

1, Open holes and idle rivets reduce the fatigue
strengths of aluminum-alloy plates consideradly, the
strengths obtained being from 11 to 42 percoent of the nomi-
nal static strengths. The effect usually is greater (1)
with an open hole than with an idle rivet, (2) with four
idle rivets than with only one, and (3) with hot-driven than
wlth cold-driven rivets,

3. In general, idle rivets are less harmful to the fa-
tigue gstrength of a plate than rivets used to transfer load.,

3, In the tests of lap joints with 1/4-inch plates and
6/8~inch rivets, about 86 percent failed by fracture of the
plates through the rivet holes, Of the remainder, one Jolint
falled by shearing the rivete, and tho othere dy the rivet
heads' being broken off as a result of the prying action ex-
erted on them during the eccentric loading.

4, In the tests of lap Joints with 1/4-inch plates and
3/8-inch rivets, only 33 percent falled in the plates. Most
of the romainder failed by shearing tho rivets, although a
few falled by the rivet heads' bBreaking off.
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5, In the tests of butt joints with 1/4-inch plates and
6/8-inch rivets, about 97 percent of the fallures wera in
--the plates, the remalnder being by shearing of the rivets.

6., In the tests of butt joints with 1/4~inch plates and
3/8-inch rivets, about 44 percent of the falluros were in
the platos, the romalndor heing by shoaring of the rivots,

7« In the tests of Jjoints in whioch the fatigue fallure
ocourred by tensile fallure 1n the plato and in which the
stresses varled from gero t0o a maximum tenslon, the temsile
fatigue strengths ranged between 7 and 46 percent of the
statlec tenslle strength of the material.

8, In the tests of Joints in which the fatlgue fallure
ccourred by shearing of the rivots, and in which the stressos
varled from soro to a maximum in ono dircction, tho shoar fa-
tlgue strengths ranged from about 38 to 73 percent of the
nominal statlc shear strengthe of the driven rivets, Since
these ratios for shear strengths are conglderadbly higher than
those glven 1n the preceding concluslion for tensile strengths,
1t 1s evident that shear fatigue 18 not as importent in ordi-
nary deslgn as tenslle fatigue.

9, The fatigue strengths of the aluminum-slloy Joints
range from 13 to 73 percent of the calculated statlc otrength
for lap Jolints, and from 10 to 65 percent for dutt joints,
For each of these two general types, tho highost percentages
wore obtalned when testing H35-T plates with cold~driven
538-W rivets, .

10, The fatigue strengths of the type 0 lap Jjoints and
type M bdutt jointe, for different combinatlonsg of plate and
rivet materlals, are as followa!
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Plate _ | . , Fatigue Fatigue
naterial Rivets gbrongth* strength®*
(1/4 in.) (6/8 in.) (psi) (1v)

Lap Joints (type C)

17s-T Cold—drilven — 17S-T 9,800 12,100
17s-T Hot—-driven ~ 175-T 7,700 9,400
175-~T Cold—driven — Stesl 9,300 11,500
175-T Hot—driven -~ Stesl 6,600 8,000
635-~T Cold—driven — 53S5-W 7,100 8,800
538-T Hot—drivon — B53S-Y 6,700 8,200

Butt Joints (type M)

178-T Hot—driven — 17S5-T 16,500 20,100
178-1 Cold—driven — 175~T 14,300 17,600
178-T Fot—drivon - Stesl 6,600 5,800
535-T Hot—driven — 535-¥W 15,700 19,106
B3S-T Cold—driven — 535-W 11,400 14,100

*Tonsion on net section of plates, bascd on 2 million
cycles of ptress, from zero to a maximum in tonsion.

1l, In goneral, butt Jolnts havo highor fatigue
etrengths than lap Jolnts, even though both fail in the
plates rather then in the rivets. Tor exmuplo, in Joints
with 1/4—inch 175~T plato contalning a slingle row of four
5/8~inch cold—driven 175-T rivets (types C and ¥), the
fatigue strongth of lap Jolnts 1is about 68 porcent of that
of butt Jjoints., The lowar strength of the lap Jjoints is
attridutod mostly to tho flexing action reeulting from
eccoentriclity of loading,

12. Increasling the reosietance to flexing of lap Joints
by increasling the thickness of one of the platos 1is benro—
ficial in increasing the fatigue strength of tho thinner
plate, For example, in some comparative tests in which the
thickness of one plate was doubled, tho strength of the
thinner plate was 1incroased about 65 parcent.
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15, The use of multiple rows of a given silgze of rivet,
with the same number of rivets per row, lncreases the fa—
tigue strongth of lap Jolnts eoven though all faillures are
in the nlates For example, the strength of a lap Joint wlth
1/4-inch 17S—T platos containing & single row of 5/8-inch
175-~T rivets was lnecreased 21 porcent by adding another row
of the samo numboer and slse of rivets., Thlg improvemont
probably can be attrivuted moetly to the addad stiffnoess ro—
sulting from the increased lap., Another faotor ie the
smallor load transferrod by each rivet.

14, For the same total number of rivets, lap Jointe
have hlgher fatizue strengths, in pounde per esquare inch on
the net secotlon of tho plate, when the rivets are spaced
closely in a slngle row than when spaned more widely in two
or more rows. JFor exanple, in lap Jjoints with 1/4~inch
175-T platos and 3/8-inck cold-driven 175-T rivets, tho fa-—
tigue strongth in pounds por square inch of net section of
the plate was 10 porcont higher wken eix rivets wero used
in a single row than when they wore used in two rows of
three ecch, Whon fatigue strength 1s oxpressed 1n pounds,
howevor, the Joint with a slngle rocw >f rivets was about 12
perceat weaker thorn the othor,

15, Tho different types of lap joints with 1/4—inch
178~T plates containing cdd-driven 5/8=inch 175~T rivatse
nay be ratod as followes, boglicning with thn ono having tko
highest fatiguo streagth:

mype Rivotn Fatigue strengthse™®
of Total | Tc. Tunber | Tenslion in plates | Total lcad
Joint | nundber| of per (net section)
rows row (psi) 1b)

B 9 3 3 12,700 17,700
E 6 2 3 10,200 14,200
c 4 1l 4 9,800 12,160
B 3 1 3 8,400 11,7C0
B 4 2 2 6,700 10,400
A 2 1 2 5,800 9,000
P 3 2 1,2 5,000 7,8G0

*Bagsod on 2 million oycles of stress, with zero miniuun
stress.

16. In goneral, the fatigue strength of aluninun-alloy
lap Joints is higher when cold—-driven rivets are ussd thkan
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when hot—driven rivets are used, This differonce 1s greater
whon stoel rivets are used.

17+ As would be expected from a knowledge of rglative
basic fotlgue strengths, Joilnts of 53S-T plate using hot-
or cold-driven 535—W rivete had lower fatigue strengths than
sinllar Jolnts of 175~T plate with hot— or cold-—driven 1750
rivets,

18, For a given specling and arrangomnent of cold-driven
175-T rivets in 1/4—inch 178-T plates, the fatigue strongth
of & lap Jolnt ilncreases as the slze of the rivets ls inrn-
creased, ovon though nost of the fallures occur as tenells
fracturcs of the plate rathoar than as shear fallures of the
rivete. Thiz statenent 1s trve whether the fatlgue strongth
is expressed in pounds per squaro lnch of net area cr 1in
total load in pounds, Tke above statoment 1s genorally truo
also for butt Joints., However, as noted in the followlng
table of butt joints, going froa 1/2-inch to 5/8-inch rivots
In the type if joint cauvsod o reduction in fatliguo strcongth
based on gtrcss on the net area and also 1an tctal lcad on
spocinen in pounds. Going fron a 1¥3—inch pin %o a 2¥a—inch

Pin in tho type Q-2 Joirt gave 2 reduction in fatiguo strengtih

based on total load,.

BRivete or pins

r
Type|{Plate |Dlan,|Alley |Driving|¥o. | HNo.|FatiFue Fatlguo
alloy | (in.) condi~|of por|strongth | strongth
tion rows| row (pal) 71b)

11,400 17,700
8,600 13,900
4,600 7,700

U-1|178-T| 5/8 | 175~T| Cold
U-1{178-T| 1/2 | 1758-T| Oold
U-1{17S-T| 3/8 | 175-T| Cold

17,800 22,000
16,400 22,300
9,800 14,500

14,200 19,300
9,300 13,700

14,200 17,600
15,7C0 21,400
9,700 14,400

9,400 11,8690
9,400 14,1G0
8,500 13,8C0

L-1{175-T| 6/8 | 175~T | Colad
L-1j175-T| 1/2 | 17S-T| -Cold
I-1|17S-T}| 3/8 | 17S-T | Cold

W—1{178-T| 1/3 [175-T | Cola
¥-1{17s-~T| 3/8 | 178~-T| cola

"M |17s-T| 5/8 [ 175-T| Cold
M [178-T| 1/2 | 17s=T7| Cold
K |17s—{ 3/8 | 175=T | Cold

Q-2 {175-T| 25 | 175~T | Cold
Q-2 |175~T 1#2 178~T | Cold
Q—2]175-T| 1 175=T | Cold

FHH HPHAH I DO
HHEFM bdd b ppdh DD
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In terms of load in pounds on the specimen a limiting valus
of fatigue strength seems to be reachsd when the rivet dilam—
eter 18 lncroased to about one—~third the rivet spacing.

19, As would be expected from a general knowledge of
the fatigue of metals, the greater the ratio of minimum to
maximum stress, the greater the maximum fatigue stross whilch
& Joint will withstand.

20, Tho streass oconcentration factors, dotermlined dy
comparing the fatlgue strengthe for all the varlous types
of specinens in which failure occurred in the plates with
tho basic fatigue strengths® of the plate materials, ranged
between 1.3 and 9.3. It is concluded, therofors, that 1t
is impossible to arrivo et any satlsfactory avorago stress
concontration factor for rivotod mombors 1n zZoneral,

21, The strongest two aluminum-alloy lap Jolnte, based
both on unit streoes on tho net scction of the plato and on
total load in pounde, are tynmece H and CX with 1/4—inch 175-T
main platcs cond 5/8-inc¢h 175-T rivots. Tho othar details
of those Jolnte and the fatipgue strengths aro glvon 1n tho
following tabdble:

Rivets Fatiyue strengths®*
Typo of Toenglon 1in Total
Joint Driving |Juuber Yumbor plates load
condition|of rows | per row | (net scectioa) ’
(rsi) (1v)
H Cold 3 3 12,700 17,700
CX Hot 1l 4 12,700 15,500

*Based on 2 milllon cycles of stress, with zero mininum
etress.,.

22, The strongost butt Joint when basod on eithor %he
not section of the plates or total load in pounds wos tlo
type M with 1/4-inch 175-T plates containing 5/8—inch dism—
oter 175~T boltss The fatlgue strength of thls specinen was
21,400 pel corresponding to a load of 26,820 pounds., Tho
second strongest butt Jolnt onm thls same basils was the type
U—2 with 1/4—inch 175-~T plates and 1%} —inch 175-T pins
vhich had o Tatigue strongth of 18,100 psl corrosponding to
a load of 22,600 pounds,
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23+ Tor a given spacing, slze, and nunmber of rivets
double shear butt Jolnts are superlor to singles shear dutt
-Joints-and lap Joints even though fallures occur as tenslle
fracture of the plates. Values obtalned for Jolnts with
1/4~inch 175-T plates and 5/8-inch cold—driven rivets are
£iven below?

Rivets Fatigue strengthe®*

Type of Joint Number |Number | Tension in Total

of per | plates load

rows row (net section) '

(pel) (1v)
Double shear butt, M 1 4 14,302 17,659
Lap, C 1l 4 9,800 11,600
Single shsar dutt, CY 1 4 7,000 8,600

"*Basod on 2 million cycles of stress, with zerc mininmun
stresse.

Aluminun Research Laboratorios,
Aluninua Company of Anerica,
Yew Kensington, Pa,, June 24, 1944,
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TABLE I

STMMARY OF RESULTS OF FATIGUE TESTS OF RIVETED JODMTS :’: '
Type of | Plate Rivets :
Stress | Fallures Encountered at Vi
Specimen | Material| Material Qh-jnw' R‘R: of Driving Ratio | Bamber af C les of .St.r.::lm Teosite 3'-':!'; o Tetlwe,® ‘conumuisw Stress, | Correeponding Basring su-u,%
. Head |Condition 106 107 105 L T = i EGL_ =
Cycdes | Cycles | Cycles Oyeles cmﬁlo' o 10 10° [ 2x10% 107 10° [ =0 w7 °
s | Cycles Cycles | Cycles Cycles Cycles | Cycles Cyclea .
lap Joints: , - E
]
A 175-1 17s~1 5/8 Cone~point Cold [} :
. Headf Temsil
ol | usr | e | Eeee) w0 Hoad Tomile | Tomile P70 | 400 |33 | %0 |iew |G | L2 B
= Shear Shear Shear 2 15 600
A 17s-r | wsr | s/e Cone-point | Cold 1.00 5900 | 2400 f 2000 2130 | 16800 | 14300
-1 Shear Shear Shear 2 38 500 } 20 700 17 200
A 1751 | Steel | S/8 Flat Cold o Shear 100 | 1600 | 1000 |4600 [10900 [ 7000 .
Tensile | Tensile ? 200 B0 | weo [ 8e®
A §85-T 535-% s/8 Cone-point | Cold o 3 4000 | 230 50300 | 28000 | 16100 | &
hear Shear | Shoar 1 600 | 54 500 | 19 800
; rrr 1o oo . o . 3 200 2 800 2 200 2 700 18 200 15 400 27 600 | 22 400 19 000
ong=] Co 0
5 vier | 9ep 7 Cone u:’m Gl 0 Tensile| Tensile | Tensile 15600 | 8400 | 5600 22500 {12100 | 8100 | 45300 | 26 500 | 16 &0
s ver | 1757 Y postgrpen [l 0 swm 11\;:3: ?nsg 15000 | 6500 | 5200 18800 | 8800 | 7100 | 38900 |18 300 | 14 9;80
. ot o oo ) . ;) ena 11 70 7 GO0 4 800 27 900 16 700 11 400 45 000 | 26 900 18 500
ons-pa. Co! [4]
¢ [>T | wmr | §/8 | Battonbead| Bt | 0 Tonile|Termile | Tmatds | 2050 | 7700 | 8100 |1as00 | 6%0 | 5500 | 3 30 | 1 %00 | 13 400
g :{;s-'r 175~1 s/e Button head| Hot +0.50 Tensile! Tensile | Tenails 25200 | 11200 | 8 400 122 % 18 Eg §7 :gg 26 200 | 20 500 | 1 806
g 17;-; i;ss:; :}g :::n head ﬁ: +0.75 - Tensile | Tensile - 21 500 |15 700 - 19 200 12 300 40 8¢ %g ggg %g 238
. f n head -1.00 Tonsile| Tensile | Tersile 13 300 5 900 5 700 12 000 5 300 3 300 24 800 | 11 000 € 9CO
c 75~T Steel 5/8 Flat Cold 0 1
¢ e | Sl ¥ Pl ol 0 'lr::ih Tensile | Tonsile 2060 [ 230 | 6000 19800 | 8900 | 5600 | 39 800 [ 28000 | 11 600
¢ 1 head le| Tensile | Tenaile 16 500 6 800 § 000 14 900 5 900 4 500 30 700 300
T Stesl s/8 Button head| Hot +0.50 Tensile) Tensile | Tensile 30 500 | 11 M0 8 400 27 500 9 900 7 600 58 800 o 289
g gss:; ::::} :;g :::on m ::: +0.75 - Tensils | Tensile - 28 700 {12 000 -~ 21 500 | 10 800 3,2 slgoo ;52 gg
on -1, . -
f 1.00 Tensile| Tensile | Tensile 10 390 4 200 2 200 9 300 3 800 2 000 19 100 7 800 4 100
C 175-T 175~T 3/8 Cone-point Cold 0 Shear |Head# Tenasi 1
‘(:: i;ISs:g §7S~T 8/3 “Button head| Cold ¢ Shear |Shear S:::r ° .é ggg 58 ggg g ggg gg % %Z! g&o) g gé.‘.? ?{ g g S;(‘o\g g ggg
4 x
ol 3/8 Flat Cold o Shear |[Tensils | Tensile 12 0 € 300 5 000 39 200 19 SCC 15 500 48 200 | 23 900 19 coo
b 17s-T (5/8-in.d1a,175-T bolts) 0 Tensile|Tensile | Tensile 20 000 g 000
B - - X 6 8C0 20 400 9 200 8 900 4C 00C { 18 Q00 60C
M 17s8-T {5/8-1in.d1a,275-T bolts) -1.00 Tensile|Tensile | Tensile 9 100 6 400 5 5C0 9 500 6500 (-5 600 13 200 | 12 800 ﬂ [s[0.9
< 633-T 539N 5/8 Cone-point Cold 0 Tensile[Tersile | Tensile 13 €00 7 X 4 : :
4 535-T 535-~-W 5/8 Button head| Hot 0o Tensils|Tensile | Tensile 135 200 [ 7% 4 m E & g % : Oaé)g gg :;gg B ?og g gg
c Sesv'l' SSS-: s/8 Button head{ Hot -1,00 Tensile|Tensile | Tensile 7 100 4 500 3 000 ¢ 400 4 000 2 00 13 200 8 ADQ 5 €00
[ 555-T 535-1¢ 3/8 Cone-point Cold 4] Shear |Shear Shear 6 900 4 700 5 M0 20 400 14 400 1 300 26 200 | 17 8CO 14 CO0
cX 175-T 17s~-T s/e Button head| Hot 0 Tensile|Tensile | Tensile 22 50C | 12 M0 9 700 20 200 11 400 9 7C0 41 800 § 235 &C 18 100
S 175-T 178%T 3/8 Cone-point Cold M) Tensile{ Tensile { Tensile 13 700 6 70C S 400 24 500 12 000 9 700 30 206 | 14 80C 11 900
S 535-T S3S-W s/8 Gone-point Cold 0 Tensile|Tensile | Tensile 10 400 5 900 4 1C0 18 &0 10 €& T 50 22 900 | 13 Q00 9 000
P 175-T 175~T 5/8 Cone-point Cold o Tansile| Tensile | Tensile 1C 700 5 Q00 4 200 17 200 8 100 6 800 34 700 | 16 200 13 600
P 175-T 115-T s/a Button head{ Hot 0 Tensile|Tensile | Tensilé 12 700 6 200 3 200 19 400 9 500 4 900 40 L0C | 19 S00 10 100
14 175-T 175-T 5/8 Cone-polnt, Cold Q Tensile| Tensile | Tensile 13 500 6 700 5 700 16 3G 8 100 6 $00 32 80O ’16 MY 1% o
R 175-T 175~T s/8 Button head| Hot 0 Tensile| Tensile | Tensile 14 700 8 400 4 100 16 900 7 400 4 00 54 700 { 15 100 9 700
b4 175-7 17s-T 5/8 Cono-point, Cold 0 Tensile| Tensile | Tensile 19 800 | 10 200 6 800 14 100 7 500 4 800 28 400 | 14 800 9 900
2 175-T 175-7 1/2 Cone-point Cold 0 Tensile| Tensile | Tensile 14 200 8 300 © 000 18 900 9 900 7 100 27 %0 | 1€ 000 11 500
E 175-T 175-T 3/8 Cone-point Cold [+ Shear |}Tensile | Tensils 10 €00 6 100 4 800 28 500 13 400 10 SCO 28 60C | 1€ 500 15 000
H 178-T 178-T 5/8 Cone-poinat Cold 0 Toniaile| Tansile | Tensile 21 200 | 12 700 10 200 10 200 8 100 4 900 20 600 | 12 200 9 9C0
H 17s-T 17s-T 1/2 Cone—point Cold 0 Tensile] Tenslils | Tensile 18 600 9 800 7 S00 14 700 7 706 5 900 23 800 | 12 SO0 9 600
H 175-T 175-T /8 Cone-point Cold Y] Teneils| Tensile | Tersile 13 400 6 400 4 600 18 700 9 400 6 300 24 100 | 11 500 8 300 "
[

* Tensile stress; load divided by net area.
# Rivet heads broke off.




TABLE I (cont'da)

SWMMARY OF RRSULTS OF FATIGUE TESTS OF RIVETED JOINTS

Bukt Jolntes
Q=1 17s-T 175-T s/8 Cone-point Cold 0 Shear |Shear Tenaile € 300 5 ‘ .
Q=2 175-T 175-T pin 2-1/2 Flat Cold 0 Tersile| Ternsle | Tensile 16 400 Q % ; :6“8 lg % 1: ;gg li ﬁ g; g.g ig :0)()0
Q2 17s-T 175-T pin 1-1/2 Flat Cold 0 Tersile| Tens.le | Torsile 15 800 9 400 8 800 5 800 4 000 S 700 | 54 400 |87 600
Q-2 175-7 175-T pdn 1 Flat Cold 0 Tensile 1"emile Tens 1o 11 500 8 500 7 %00 12 000 8 800 7600 § 74 800 |.55 SO0
] 175-T | 175-t 5/8 Button head| Hot 0 Shear |[Tensile | Tensile 13600 | 8400 | 63500 15500 | 9600 | 7200 | 4200 |39 700
U-1 17s-17 175-T 5/8 Cone-point Cold 0 Tonsile|Tensi.e | Tenslle 15 300 | 11 400 9 400 500 800 400 )
U-1 1751 175-T 1/2 Cone~point Cold o} Shear |Tensiie | Tensile 11 4c0 8 600 7 200 1&8 100 ig 700 ﬁ 000 ;:. m gi ggg
U-1 175-T 175-T s/8 Cone-point Cold 0 Shear [Tensile | Tensile 8 820 4 €00 4 000 23 900 18 100 14 000 58 6C0 |39 800
U=-2 17s-T 175~T pirs 1-1/4 Flat Cold [} Tensile|Tensile | Tensile 20 8L0 |18 100 15 500 7 800 4 700 3 500 59 600 ;SG 200
N 17s-T 17s-T 5/8 Cone~-point Cold [¢] Tensile|Tensile | Tensile 28 600 | 14 so0 .10 700 13 800 6 900 5 100 51 300 | 27 800
u 175-T 175-T 78 Button head| Hot 0 Tensile| Tensile | Tensile 28 600 | 16 500 12 300 12 900 7 &0 5 500 53 200 700
b4 175-T 17S-T 5/8 Button head| Hot 40,50 Tareile| Tanalle | Tensile 41 800 | 2740 15 400 18 700 12 00 6 900 77 300 |51 000
' 175-T 17S-T s/8 Button head| Hot -1,00 Tensile|Tenslile | Tensile 20 400 | 11 900 10 800 9 200 § 400 4 800 357 900 } 22 200
¥ 178-T Steel 5/8 Button head | Hot o Tensile|Tensile | Tensile 15 800 5 800 4 300 6 200 2 500 1 %00 25 600 | 10 400
M 175-T Steel 5/8 Button head | Hot 40,50 Tensile{Tensile | Tensi le 24 400 | 15 00O 9 700 1 00 5 800 4 400 45 300 { 24 2Q0
N 175-T Steel s/a Button hsad| Hot =1.00 Tereile|Tersile | Tensile 12 300 4 €00 5 600 5 500 2 100 1 800 2 90 8 600
175-T 175-T 1/2 Cone-point Cold 0 Torsile|Tensile | Tersile 25 300 |15 700 12 300 20 500 12 700 10 000 68 600 | 41 400
¥ 178-T 175-T s/8 Cone-point Cold 0 Shear {Shear Shear 14 200 9 700 7 800 22 000 15 100 12 000 5% 800 |38 800
 § | 178-T (5/8-1n.dia,175-T bolts) o} Tensile|Tensile | Tensils 30 700 |21 400 15 000 15 700 10 900 8 600 61400 |42 800
8 555-T 535N s/8 Cope-point, Cold [} Temnile|Tensile | Tansile 21 000 | 11 400 8 500 10 100 § 500 4 100 40 800 | 22 000
N 535-T 535-% s/8 Button head! Hot [+ Tersile Temsile | Tensile 22 800 |15 700 9 800 10 300 7 100 4 400 42 400 | 28 200
'} 538-T 535-% s/8 Button head Hot -1,00 Tensile|Tonsile | Tensile 16 300 4 000 7 000 7 %00 4 100 3 100 %0 400 |16 700
N 535-T 535-% s/8 Cone-point Cold 0 Shear (Shear - 12 000 ¢ 900 & 700 18 600 10 700 10 900 45 500 | 26 200
-1 175-T 175-T 5/8 Cons~point Cold 0 - Tensi 1o - - 16 000 - - 7 700 - - 30 900
oY 17S-T 17s-T 5/8 Cone-point Cold 0 Tensile|Tersile | Tensile 13 200 7 000 5 400 700 ¢ 700 5§ 200 28 500 |1s 500
T 175-T 175-T s/8 Cone-point Cold 0 Tersile|Tensile | Tensile 22 600 |13 700 10 300 20 500 12 300 9 300 49 700 | 30 100
T 535-T 5I5-W s/8 Cohe~point Cold 0 . Ters1le|Tonsile | Tenmile 17 400 9 200 4 600 15 700 8 300 4 100 38 300 {20 200
2} 175-T 17s-1 5/8 Cone~point Cold 0 Tensile|Tersile | Tenstle %1 000 |17 800 11 s00 7 400 4 300 2 700 20 800 |17 106°
%:1 175-T 175-T 1;2 Cone-point. Cold 0 Tersile|Ternile | Tensile 27 400 |18 400 10 &0 u 6 700 4 300 ,| 38200 |21 600
1~ 175-T 175-1 s/8 Cone-point. Cold 0 Tensils| Tersile | Temile 25 600 9 800 7 800 18 200 7 500 § 600 44 800 | 18 &0
10 200
175-T 178-1 5/8 Cons—-point Cold V] Tersils) Tensils | Tensile 2% 400 |10 &0 S 400 11 200 5 100 2 €0 22 400
I!i 17s-T 173-T 5/8 Button head| Hot 0 - Tersile | Tensile - 13 300 10 200 - ¢ 000 4 600 - 1.2' ;%
LL 175-T 178-T s/8 Bitton head| Hot 40,50 - Tensile | Tordils - 18 800 15 700 - 8 500 7 100 -
L 118-T Steal s/8 Button head| Hot o] Tensile| Tensile | Tenwils 13 600 6 500 S 700 [] ]N_ 2 800 1 700 12 700 5 900
1L 17s-T Stesl 5/8 Button head| Hot 40,50 Tensile| Tersils - 20 600 |11 000 - $ 300 § 000 - 18 200 { 10 200
J-1 175-T 175-T 1/4 Cone-point Cold o} Tensile| Tensile | Tensile 22 700 9 500 € 100 12 500 § 200 $ 300 20 700 8 700
7 50 s 800 2800 | 23800 |12 500
T 2 Cone~point Cold 0 Termile| Tensile | Tenmile 27T 000 | 14 200 10 200
:i ig; i;; yﬂ Cone—point Cold 0 Tonsile| Termile | Tersile 17 700 9 200 7 600 9 200 4 800 4 000 22 500 | 11 700
{
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# Tensile stress; load divided by net ares.
# Rivet beads broke off.



TABLE 1I

SUMMARY OF RESULTS OF FATIGUE TESTS OF SOLID PLATE SPECIMENS

‘ON HYV VOVX

Types OX, G and K, with or without Idle Rivets 5
o
Type _of Plate Rivets __| Stress Tensile Stress at Failure, psis
Speoimen | Material y | _DPiving Ratio 05 B 7
. Condition 1 2x10 10
Cycles Cycles .| Cycles
0) ¢ 17s-T - - - 0 - 32 400 "{ 81 400
G 175-T 17S-T 5/8 Cold 0 29 200 25 200 24 300
G 175-T 1'7S-T 5: 3 Hot 0 - 22 200 19 000
G 175-T eel 53 Hot 0 21 300 13 900 10 500
G 175-T (21/32 in.dla.f"".q.lled open hole) 0 17 600 9 900 9 800
G 535-T 535-W 5/3 Cold 0 21 500 15 800 -| 14 700
G o35-T 535-W 5/8 Hot 0 18 600 14 500 13 600
G 535-T 53S-W 3/8 Cold 0 21 700 15 300 11 700
G 535-T 21/3c-in.dia.drilled open hole 0 16 500 10 700 -
G 535-T 21/32-in.dia. gunched open hole 0 14 300 8400 i 7600
G 53S-T 25/64-in.dia.drilled open hole 0 15 700 9 700 i -
X 1ws-r | ws-r | s/ Cold 0 oo | moo|
K 175-T 17S-T 5/8 Hot 0 84 400 23 400 -
K 17s-T Steel | 5/8 Hot 0 18 500 9 500 | 9 000
K 538-T 53s-W | 5/8 Hot 0 19700 | 18000 | 11 700

# Tenslle stress = load divided by net area,

t Insufficient tests.

4l




NACA ARR No. 4Il3 TABLE III

COMPARISON OF THE STATIC AND FATIGUE STRENGTHS OF
THE VARIOUS TYPES OF SPECIMENS TESTED

Ratio Bnﬂm E%ress -0

i Tyge A e Plate | - .Riyegs, Bolts or Pins Stafic _Faid
of Sketch Material [ Baterial [ _ Hole Driving | Computed e S%reﬂg e Ratio
Speci- Diemeter, | Condition| Strength¥| of at 2:%0 0! Qe
men in. o 1b Failure Cyf%es, Failure e
Sipele Plates:
P = |
0X D]I‘_’]]B 178-T - - - 71 400 |Tensile | 40 500 | Tensile | 0.57
G 178-T 175-T 41/64 Cold 102 900 | Tensile | 437200 | Tensile | 0.42
G 175-T 17S-T 21732 Hot 102 700 |Tensile | 38 000 | Tensile.| 0.37
I 175-T Steel | 21/3 Hot 102 700 | Tensile | 23 800 | Tensile | 0.23
G —— 175-T (21/32-in.dia.drilled open hole) | 102 700 |Tensile | 17 100 | Temsile | 0.17
G 535-T 535-W 41/64 Cold 66 800 |Tensile | 27 100 | Tensile | 0.41
G 535-T 535-W 21/32 Hot 66 700 |Tensile | 24 800 | Tensile | 0.37
G 535-T 53S-W 25/64 Cold 69 300 |Tensile | 27 200 | Tensile | 0.39
G 63S-T (21/32-in.dis.drilled open hole 66 700 |Tensile | 18 300 | Tensile | 0.27
G 535-T {21/32-in.dia. gunehed open hole 66 700 |Tensile | 14 300 | Tensile | 0.21
G 535-T (25/64-in.dis.drilled open hole 69 300 |[Tensile | 17 300 | Tensile | 0.25
K Lo 178-T 178-T 41/64 Cold 74 200 |Tensile | 25 900 | Tensile | 0.35
K 175-T 175-T 21/32 Hot 73 200 |Tensile | 28 500 | Tensike | 0.39
X m 175-T Steel 21/32 Hot 73 200 |Tensile | 11 600 | Temsile | 0.16
K 535-T 535-# 21732 Hot 47 600 |Tensile | 15 900 | Temsile | 0.33
Lap Joints:
A 178-T 175-T 41/64 Cold 22 600 | Shear 9 000 | Tensile | 0.40
A i 17S-T 178-7 21/32 Hot 23 000 |Shear 7 400 | Tensile | 0.32
POVTEITE | B | Madd | 32 6oId | 10800 [Shear | & 900 | Bewatie | 0-62
- (-] 0. ear ensile B
A 535-1 5356 25/64 Cold 6 000 |Shear 4 403 Shear 0.73
B ] 175-T 178-T 41/64 Cold 33 800 |Sheer 11 700 | Tensile | 0-34
B .Igll 178-T 175-T 21/32 Hot 34 500 |Shear 9 000 | Temsile | 0.26
B 175-T 17s-T 33/64 Cold 2] 900 |Shear 10 400 | Tensile | 0.47
Y 178-T 175-T 41/64 Cold 46 Shear 12 100 | Tensile | 0.26
c 175-T 178-T 21/32 Hot 46 000 |Shear 9 400 | Temsile | 0.20
C 175-T7 Stesl 41/64 Cold 200 |Shear 11 500 | Tevrsile | 0.20
c 175-T Steel 21/32 Hot 60 800 |Shear 8 000 | Temsile ! 0.12
C i — 17S-T 7S-T 25/64 Cold 16 800 |Shear 8 500 | Rivet Heens .51
C 178-T Steel 25/64 Cold 21 600 |Shear 9 400 | Tensile .24
C ’ 178-T 175-Tihltd 8 - 200 | Shear 11 300 | Tensile | 0.26
c 535-T 535-W 41/64 Cold 32 200 {Shear 8 800 | Tensile | 0.27
c -7 535-W 21/32 Hot 24 400 |Shear 8 200 | Tenmeile | (.34
¢ 535-T - 25/64 Cold 12 000 |Shear 7 000 | Shear 0.58
| m——— v |
cY 178-T 178-T 21/82 Hot 46 000 | Shear 15 500 | Tensile | 0.34
REIE
p— e |
S 178-T 178-T 25/64 Cold 25 200 |Shear § 600 | Tercile | 0.34
S .Iﬂll 535-T 535-H 25/64 Cold 18 000 |Shear 7 600 ' Tonsile | N.42
P = 178-T 178-T 41/64 Cold 32 800 |Shear 7 800 | Tensile | 0.24
|V JE] Y | s s | oawvee Hot 3{ 500 |Shear | 9 690 | Tensile ; Ge28
T o1
R 178-T 17S-T 41/64 Cold 43 800 |Shear 10 400 | Tensile | 0.24
R .ll 175-T 178-T 21732 Hot 46 000 |Shear 9 900 | Tensile | 0.32
0 0
E 175-7 175-T 41/64 Cold 67 800 |Shear 14 200 | Tensile | 0.21
E .gg 17S-T 175-T 33/64 Cold 43 800 |Shear 12 400 | Tensile | 0.28
E . 178-T 175-T 25/64 Cold 25 200 |Shear 9 700 | Tensile | 0.38
B Lo 175-T 178-T 41/64 Cold 83 700 |Tensile | 17 700 | Tens 0.21
H .l' 17s-1 17S-T 33/64 Cold 65 800 |Shear 14 600 | Tensile | 0.58
i } 1833 17S-T 175-T 25/64 Cold 37 800 |Shear 10 100 | Tensile | 0.27

* Based upon values for shearing, bearing, and teneile strengthe ae included in Structural Handbook
(1940 edition).




IL

WACA ARR No. 4I15 TABLE III (cont'd) 19
COMPARISON OF THE STATIC AND FATIGUE STRENGTHS OF
THE VARIOUS TYPES OF SPECIMENS TESTED
Ratio toun Mress = O
Type Plate Riy Bolts or gtatic | Fatie .
'o? Sketch  Material{ Baterial] [Hole iving %nputed’l Ty¥e ISfregftg ) Ratic
Speci- Diemeter, | Condition| Strengthy| o at 2xI0 0 -S-
men in. 1b Failure Cyi%es s | Failure B
Butt Joinis:
Q-1 DEB‘:.S 1781 175-T 41/64 Cold 16 800 | Bearing| 8 600 | Shear 0.51
-2 | = 178-T 17S-THn 2-1/2 Cold 67 500 | Bearing | 11 800 | Tensilej 0.17
-2 178-T |  17S-TPin 1-1/2 Cold 40 500 | Bearing | 14 100 | Tensile| 0.35
-2 178-T 17S-TPin 1 Cold 26 200 | Bearing | 13 800 | Tensile <53
P -
) 0 178-T 178-T 21/32 Hot 33 400 | Bearing | 13 000 | Tensile| 0.39
5 1ReT o
U1 | EoEcs 17s-T 178-T 41/64 Cold 33 600 | Bearing| 17 700 | Tensile| 0.53
U-1 .IBEI' 175-T7 178-T 33/64 Cold 27 100 | Bearing { 13 900 | Tensile| 0.51
U-1 17s-T 178-T 25/64 Cold 16 800 | Shear 7 700 | Tensile| 0.46
Codip——
U-2 178-T 175-THns 1-1/4 Cold 64 100 | Bearing| 22 600 | Tensile| 0.35
alell
M 178-T 178-T 41/64 Cold 67 200 | Bearing | 17 600 | Tensile| 0.26
M 178-7 178-T 21/32 Hot 66 800 | BeaTing | 20 100 | Tensile| 0.30
" 175-T Steel 21/32 Hot 70 700 | Bearing | 6 800 | Tensile| 0.10
M g2 17s-T 178-T 33/64 Cold 54 200 | Bearing | 21 400 | Tenmsile| 0.39
M 175-T 178-T 25/64 Cold 33 600 | Shear 14 400 | Shear 0.43
X .lﬁﬂll 1767 | 175-TBalts 5/8 87 500 | Bearing | 26 800 | Tensile| 0.40
¥ 535-T 535-W 41/84 €old 46 200 | Beuring | 14 100 | Tensile| .30
H 535-T 53S-W 21/32 Hot 35 400 | Bearing | 19 200 | Tensile| 0.54
M 53S-T 535-W 25/64 Cold 23 000 | Shear 12 800 | Shear 0.55
T ogig<_22
M-1 §i l 178-T 178-T 41/64 Cold 67 200 | Bearing | 19 800 | Tensile| 0.30
cY 178-T 178-T 41/64 Cold 46 400 | Shear 8 600 | Temsile| 0.19
7 178-T 178-T 25/64 Cold 50 400 | Shear 17 700 | Tensile| 0.35
7 53S-T 53S-# 25/64 Cold 36 000 | Shear 11 900 | Tensile| 0.833
L-1 178-T 17s-T 41/64 Cold | 74 100 | Temsile | 22 000 | Tensile| 0.27
L-1 178-T 17867 33/64 €old 81 600 | Tensile | 22 300 | Tensile| 0.29
L-1 17S-T 178-T 25/64 Cold 67 200 | Shear 14 500 | Tensile| 0.22
LL 178-T 175-T 41/64 Cold 148 300 | Temsile | 26 200 | Temsile| 0.18
il 17s-T 17s-T 21/32 Hot - | 146 400 | Tensile | 32 400 | Temsile| 0.22
LL 178-T Steel 21/32 Hot 146 400 | Tensile | 15 400 | Tensile| 0.1l
7-1 'I%Il 178-T 17s-T 17/64 Cold 72 600 | Tensile | 11 500 | Tensile| 0.16
: _
¥-1 aan 178-T 178-T 33/64 Cold 81 600 | Tensile | 19 300 | Tensile| 0.24
-1 .|ml 1787 | 1767 | 25764 Cold 89 200 | Tensile | 13 700 | Tensile| 0.15

* Based upon values for shearing, bearing, und tensile strengths as included in Structural Handbook

(1940 edition).




TABLE IV

ON ¥YyY YOVYN

S1Iv

STRESS CONCENTRATION FACTORS FOR 17S-T BOTT JOINTS CONTAINING 175-T RIVETS, PINS OR BOLTS

Type of Rivets, Bolts or Pins Proportions of Joint Fatigue Strength of Joints, psi Streas Concentration Factors
Specimen Diamster, | Number Driving Hole Width Ratio | ____(Average Stress on Net Area) Froe Fatigue Strenginsf | From Mathematical Analysis and
in, Each Side | Condition Diameter,| Per Hole,| Dimmeter 10° 2x10% 107 Photoelastic Measurements®

of Joint in. in. Width Cycles | Cycles | Cyctles 105 mo‘ m" low mn&” m7

Cycles | Cycles | Cycles Cycles | Cycles | Cycles

(1) (2) (3) (4) (5) (8) (8)] (8) (8) (10) () | (1) | (18) (14) (s) | (8)
G (Solid specimen with cpen hole) 21/52 7-1/2 0.09 17600 | 9600 | 9 800 2.8 5.8 5.1 2.0 2.5 2.7
Q1 5/8 rivet 1 Cold 41/64 7-1/2 0,09 8300 | 5000 | 4 200 7.7 7.4 7.1 §.9 9.0 9.7
Q-2 2-1/2 pin 1 Cold 2-1/2 7-1/2 0.33 16 400 | 9 400 | 8 000 2.9 3.9 3.8 2.7 3.7 4.0
u 5/8 rivet 2 Hot 21/32 3-3/4 0.17 - 8 400 | 6 500 - 4.4 4.8 - 4.9 53
v-1 5/8 rivet 2 Cold 41/84 3-3/4 0.17 15 500 | 11 400 | 9 400 3.2 3.2 3.2 3.5 5.0 5.4
U=l 1/2 rivet 2 Cold 35/84 3-3/4 0.14 - 8600 | 7 200 - 4.3 4.2 - 5.8 8.0
U-1 3/8 rivet 2 Cold 25/64 3-3/4 0.11 - 4600 [ 4 000 - 8.0 7.5 - 6.8 T4
-2 1-1/4 pin 2 Cold 1-1/4 3-3/4 0.33 20 800 | 18 100 | 13 500 1.6 2,0 2,2 2.1 2,7 2.9
[ ] 5/8 rivet 4 Cold 41/84 1-7/8 0.34 26 600 | 14 300 | 10 700 1.8 2.5 2.8 2.0 2.6 2,8
N 5/8 rivet 4 Hot 21/32 1-7/8 0.35 28 600 | 18 500 | 12 300 1.7 2.2 2.4 2.0 2.5 2.7
] 1/2 rivet 4 Cold 53/64 1-7/8 0.28 25 300 | 15 700 | 12 300 1.9 2.3 2.4 2.4 3.2 5.4
M 5/8 bolts 4 - 5/8 1-7/8 0.35 30 700 | 21 400 | 13 000 1.8 1.7 2,3 2.1 2.7 2.9
T 3/8 rivets [ cold 25/84 1-1/4 0.51 22 600 | 15 700 | 10 300 2.1 2.7 2.9 2.1 2.8 3.0

\

# These stress concentration factors were determined by comparing the fatigue strength of the specimsns to the following fatigue strengths of the plate material
(Fig. 1): 48 400, 56 800 and 30 000 psi for 100 000, 2 000 Q00 and 10 GO0 000 cycles of stress, respectively.

# The factor for the type G specimen was determined from formilas in reference 17; all cther values were determined from photoslastic tests described in reference 15.
Factora for specimens with two or more rivets were determinad by taking 80 per cent of the corresponding value for a single rivet, a procedure suggested in
reference 15 for the case of two rivets.

#¥ The factors in these_two colums are adjusted for plastic action in accordance with an empirical method suggested in reference 18, No adjustment was necessary for
the factors at 107 cycles baceuse all stresses are within the elsstlc range.
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Figure 1.- Direct-otress futigue curve for 175-T rolled rectangular bar (1% x 7.5").
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Figure 4.-

Riveted joint fatigue testing machines.
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Figure 5.~ Typical failure of type GX specimen.
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Figure 6.~ Typical fracture of type CX specimen.




Figure 7.~ Fracture of type 8 specimen showing failure in plate at
edge of rivet heads.
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Figure 9.~ Typical

fracture of

M specimen with failure in cover plate.
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Figure 10.- Direct-etrese fatigue curves for riveted jointe. Type H, 178-T plate, and 178-T rivets.
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Figure 11.- Direct-stress fatigue curve of riveted joints., Type T, 178-T plate, and 178-T rivets.
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